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Emission abatement system. The system 
includes.a source of emissions and a catalyst for 
receiving the emissions. Suitable catalysts are 
absorber catalysts and selective catalytic 
reduction catalysts. A plasma fuel converter 
generates a reducing gas from a fuel source and 
is connected to deliver the reducing gas into 
contact with the absorber catalyst for 
regenerating the catalyst. A preferred reducing 
gas is a hydrogen rich gas and a preferred 
plasma fuel converter is a plasmatron. It is also 
preferred that the absorber catalyst be adapted 
for absorbing NOx. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Source of exhaust air Catalyst which receives this exhaust air Plasma fuel converter connected so 
that reducibility gas might be generated from fuel sources, this reducibility gas might be sent and this 
catalyst might be made to contact Exhaust air reduction system which it has. 

[Claim 2] Said catalyst is an exhaust air reduction system according to claim 1 which is an absorber catalyst. 

[Claim 3] Said catalyst is an exhaust air reduction system according to claim 1 which is a selection catalytic 
reduction catalyst. 

[Claim 4] Said reducibility gas is an exhaust air reduction system according to claim 1, 2, or 3 which is 
hydeogen-rich gas. 

[Claim 5] The exhaust air reduction system according to claim 1, 2, or 3 further equipped with at least one 
catalyst arranged between said plasma fuel converters and said absorber catalysts. 

[Claim 6] The exhaust air reduction system according to claim 2 or 3 which an oxidation catalyst is located 
after an NOx absorber catalyst or a selection catalytic reduction catalyst, and is released after removing the 
hydrogen and the carbon monoxide which remained from said exhaust air. 

[Claim 7] Said plasma fuel converter is an exhaust air reduction system containing the plasmatron using 
partial oxidation according to claim 1, 2, or 3. 

[Claim 8] Said source of exhaust air is an exhaust air reduction system according to claim 1, 2, or 3 
exhausted from an internal combustion engine. 

[Claim 9] Said internal combustion engine is an exhaust air reduction system according to claim 8 which is a 
diesel power plant. 

[Claim 1 0] Said internal combustion engine is an exhaust air reduction system according to claim 8 which is 
a spark ignition engine. 

[Claim 11] Said source of exhaust air is an exhaust air reduction system according to claim 1, 2, or 3 
exhausted from a turbine, a boiler, or a burner. 

[Claim 12] The exhaust air reduction system according to claim 1, 2, or 3 further equipped with a means to 
send some trash [ at least ] from said catalyst to the input to said plasma fuel converter. 
[Claim 13] The exhaust air reduction system according to claim 1, 2, or 3 further equipped with a means to 
send some trash [ at least ] from said catalyst to the input to said source of exhaust air. 

[Claim 14] The exhaust air reduction system according to claim 1, 2, or 3 further equipped with the bulb for 
making it said exhaust air not go into said catalyst during playback of a catalyst. 

[Claim 15] The exhaust air reduction system according to claim 1, 2, or 3 further equipped with the 2nd 
catalyst which receives said exhaust air during playback of said catalyst. 

[Claim 16] The exhaust air reduction system according to claim 15 further equipped with the 2nd plasma 
fuel converter for generating the reducibility gas sent to said 2nd catalyst. 

[Claim 1 7] The exhaust air reduction system according to claim 4 further equipped with a means to send 
said a part of hydeogen-rich gas from said plasma fuel transducer to the input to said source of exhaust air. 
[Claim 18] Said source of exhaust air is an exhaust air reduction system according to claim 17 which is an 
internal combustion engine, a turbine, a boiler, or a burner. 

[Claim 19] Said catalyst is an exhaust air reduction system according to claim 1, 2, or 3 which processes 
NOx exhaust air. 

[Claim 20] Said exhaust air is an exhaust air reduction system containing the particle which should be 
processed according to claim 1, 2, or 3. 

[Claim 21] The exhaust air reduction system according to claim 1, 2, or 3 which processes CO exhaust air. 
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[Claim 22] Said plasma fuel converter is an exhaust air reduction system according to claim 1, 2, or 3 which 
operates by 10-3 000 W of mean power. 

[Claim 23] Said plasma fuel converter is an exhaust air reduction system according to claim 1, 2, or 3 which 
operates by 100-30 5 OOOW of peak powers. 

[Claim 24] Said fuel is an exhaust air reduction system according to claim 1, 2, or 3 which is a fuel 
containing sulfur, or a fuel with little sulphuric content. 

[Claim 25] The exhaust air reduction system according to claim 1, 2, or 3 which reduces sulfur from the 
front face of the catalyst polluted with sulfur using said hydeogen-rich gas. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

the United States patent application serial number 09/No. 182,537 by which it applied for this application on 

October 29, 1 998 — it is continuation application a part. 

[0002] 

(Background of invention) 

This invention relates to the NOX reduction which used for the detail the reducibility gas generated by the 
mounted plasma fuel converter with the NOX absorber catalyst more about an exhaust air reduction system. 
[0003] 

In order to reduce harmful exhaust air, an internal combustion engine can have a NOX absorber catalyst 
(this is known also as a NOX trap or a NOX absorber), and reduces the amount of the harmful matter 
emitted to an environment. By the diesel power plant by which contamination reduction has not taken effect 
rather than a spark ignition engine, the demand to control of NOX and a particle which approached 
especially is. 
[0004] 

Using hydrogen gas as reducibility gas for playback of a NOX absorber catalyst was taught by Boegner et 
al. in U.S. Pat. No. 5,910,097, truth and others in U.S. Pat. No. 5,599,758. However, it was not shown what 
the practical source of hydrogen which suited this application well is. Generation sources other than a 
plasma fuel converter have comparatively large size, use of a fuel is not efficient, a reaction is slow, and 
removing formation of the carbon from a diesel and other fuels may have the fault of being difficult. Such 
difficulties are removed by use of a plasma fuel converter. A plasma fuel transducer has robustness to sulfur, 
and has the advantage that mixing of hydeogen-rich gas can be changed again. This application teaches how 
a plasma fuel converter may be adopted in various combination with SCR and a NOX absorber catalyst. A 
plasma fuel converter operates so that the loss of cost and an output may be made into min. 
[0005] 

The United States patent application 09th for which it applied on October 29, 1998 which is parent 
application of this application which is continuation application a part / No. 182,537 (the indication is used 
as reference into this specification) indicate using the hydeogen-rich gas from a plasma fuel transducer, in 
order to make a catalyst transducer into activity more. It teaches that it may be used in order, as for parent 
application of this application, for the temperature of a catalyst to rise when that hydeogen-rich gas burns on 
a catalyst front face again, and, as for this combustion, to turn ON a catalyst quickly between low- 
temperature starting. This application uses plasmatron as a plasma fuel converter, the plasmatron suitable for 
use by this invention is indicated by U.S. Pat. No. 5,425,332, No. 5,437,250, and No. 5,887,554 (those 
contents of instruction are used for this detail in the letter as reference). 
[0006] 

(Summary of invention) 

On one aspect of affairs, the exhaust air reduction system of this invention includes the source of exhaust 
air, and the absorber catalyst or selection catalytic reduction equipment (SCR) catalyst which receives the 
exhaust air. In order to reproduce a catalyst, the plasma fuel converter which generates reducibility gas from 
fuel sources is connected so that an absorber catalyst or an SCR catalyst may be contacted and the 
reducibility gas may be sent. With a suitable operation gestalt, the reducibility gas is hydeogen-rich gas 
generated by the plasmatron which is partial oxidation plasmatron and is obtained. Hydeogen-rich gas 
contains hydrogen and a carbon monoxide. A catalyst may be arranged between a plasma fuel transducer 
and an absorber catalyst, and promotes conversion to hydeogen-rich gas. The source of exhaust air may be 
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exhaust air from internal combustion engines, such as a diesel power plant or a spark ignition engine, or the 
turbine, boiler, or burner of the configuration of either a non-portable type or a migration mold. With other 
operation gestalten, a system sends some trash [ at least ] from an absorber catalyst into the input to a 
plasma fuel converter. With other operation gestalten, a system sends some trash [ at least ] from an 
absorber catalyst into the input to sources of exhaust air, such as a diesel power plant. With other operation 
gestalten, in order to remove an unreacted reducibility component, an oxidation catalyst is located after an 
absorber catalyst or an SCR catalyst. 
[0007] 

With the operation gestalt of further others, in order to prevent that exhaust gas exhaust air goes into an 
absorber catalyst between absorber catalyst regeneration, a bulb is prepared. The 2nd absorber catalyst may 
be established in order to receive exhaust air between playbacks of the 1st absorber catalyst. The 2nd plasma 
fuel converter may be prepared in order to send reducibility gas into the 2nd absorber catalyst. A part of 
hydeogen-rich gas from a plasma fuel transducer may be sent into the input to the source of exhaust air. 
Such a source of exhaust air may be an internal combustion engine, a turbine, a boiler, or a burner. With a 
suitable operation gestalt, an absorber catalyst processes NOX exhaust air. The system of this invention can 
process a particle and CO exhaust air again. 
[0008] 

(Explanation of a desirable operation gestalt) 

The vocabulary "an absorber catalyst" carries out the trap of harmful or poisonous exhaust air into this 
specification, and the thing of the system used in order to decrease the harmful or poisonous exhaust air 
chemically at a playback period is said. The example of an NOx absorber catalyst is common knowledge. A 
trapping process may be catalyst-absorption or adsorption, the conventional absorption, or any of 
adsorption, as taught by Guth's and others U.S. Pat. No. 5,599,758. Or the trap of harmful or poisonous 
exhaust air may be carried out into one system, subsequently it is emitted, and is processed in a down-stream 
unit (an engine or catalyst). In such a down-stream unit, hydrogen Rich's gas is used and harmful or 
poisonous exhaust air is decreased. 
[0009] 

The description of a plasma fuel converter (plasmatron) is indicated in the United States patent referred to 
above. Electric discharge is used for the plasma fuel transducer suitable for this invention so that hydeogen- 
rich gas may be generated. This electric^discharge includes DC current plasma, the plasma to which a 
current is changed in connection with time amount, and the pulse-ized plasma. A plasma fuel converter is 
crossed to the range of the ratio of oxygen and the carbon of a fuel, and may be used for partial oxidation 
actuation. Typical range is 1-2. A steam and C02 may be used as an oxidant by either which is these selves 
or is combined again. 
[0010] 

Here, if drawing 1 is referred to, this of the exhaust air reduction system 10 may be plasmatron including the 
plasma fuel converter 12. The plasma fuel converter 12 receives air 16, a fuel 18, and water 20 for power 14 
to reception and a pan. The plasma fuel transducer 12 reforms the hydrocarbon fuel 18, and in order to 
generate reducibility gas like hydeogen-rich gas 24, the catalyst (an unit or plurality) 22 of arbitration may 
be established. 
[0011] 

An internal combustion engine 26 generates exhaust air 28, and this exhaust air progresses to the absorber 
catalyst 32 through a bulb 30. With a desirable operation gestalt, the absorber catalyst 32 is converted so that 
NOx may be processed. That is, the absorber catalyst 32 carries out the trap of NOx which exists during an 
internal combustion engine's 26 exhaust air 28. The absorber catalyst 32 is reproduced by hydeogen-rich gas 
24. This hydeogen-rich gas 24 returns NOx in the absorber catalyst 32 to nitrogen (N2). The hydeogen-rich 
gas 24 generated by the plasma fuel transducer 12 does not need to be completely consumed in the absorber 
catalyst 32, and recycling may be carried out by advancing to a plasma fuel transducer through a bulb 34. 
Among the gas from the absorber catalyst 32, some need to be removed from a system at the time of 
playback, in order to enable installation'of the hydeogen-rich gas generated by the added plasma fuel 
transducer. When fully not defecating, the removed gas is injected through a bulb 36 to an engine 26. A bulb 
30 is close at the time of playback of the absorber catalyst 32, and bulbs 34 and 36 should care about that it 
is open at the time of such playback. It is the important aspect of affairs of this invention to use the gas from 
the absorber catalyst 32 within the plasma fuel converter 12 and/or an internal combustion engine 26. 
[0012] 

The gas which comes out of the absorber catalyst 32 contains hydrogen, CO and C02, nitrogen, and some 
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water. Even NOx of some which were emitted which is not processed by the reducibility gas in the absorber 
catalyst 32 (reduction) may exist. When reintroduced into the plasma fuel converter 12, or when being 
reintroduced into the further air 16 injected into the plasma fuel converter 12, existence of C02 under 
exhaust air from the absorber catalyst 32 and water supports a reforming process, and generates the further 
hydrogen from either of the making [ into C02 and hydrogen ]-C02 reforming processing, water reforming 
processing, or CO water shift processings. 
[0013] 

Various approaches are shown in drawing 2 . In drawing 2 , by making a bulb 36 open, exhaust air 38 of the 
NOx absorber catalyst 32 of the closed cycle at the time of playback is re-injected into an engine 26, and, 
thereby, may pass the catalyst (not shown) of the alternative in the system which has the tandem catalyst 
which exhaust air can progress into an engine or is indicated below. There are some advantages in this 
operating mode, for example, parasitism exhaust air (parasitic emission) of the arbitration from the absorber 
catalyst 32 is injected into the engine by which they are processed (this — the hydrocarbon of incomplete 
combustion, and CO — and it is the case of NOx further). The 2nd advantage is that hydrogen Rich's gas 24 
which is not used in the absorber catalyst 32 may be used for engine output generation, and, thereby, its 
system-wide effectiveness improves. 
[0014] 

In the case of a single NOx absorber catalyst, a plasma fuel converter may be used in order to generate the 
gas of hydrogen Rich for operating in the reducing atmosphere of the degree of pole between short time 
required in order to return and emit NOx in a catalyst. According to the specification of an NOx absorber 
catalyst system, the operating time of order for 1 to 5 seconds is required. 
[0015] 

In the case of a single NOx absorber catalyst or a single SCR catalyst, an oxidation catalyst can be arranged 
down-stream from an NOx absorber catalyst or an SCR catalyst. The advantage of this approach is not 
needing the elevated-temperature bulb for orienting again so that it can creep since it changes from the 2nd 
catalyst or the 1st catalyst to the 2nd catalyst, and the outlet of that catalyst may be re-injected into an 
engine. The purpose of an oxidation catalyst is oxidizing the gas of remaining hydrogen Rich of arbitration 
and changing water and a carbon monoxide into a carbon dioxide for hydrogen. Since engine actuation is 
thin, in order to oxidize hydrogen and a carbon monoxide, during exhaust air, oxygen fully exists. 
[0016] 

As explained above in relation to drawing 1 , at the time of playback of the NOx absorber catalyst 32, a bulb 
30 is close. In order to perform continuous exhaust air processing of an engine 26, the tandem system 
containing an additional absorber catalytic unit is required. In such a system, the exhaust air from an engine 
26 is moved to the absorber catalyst of the addition which does not start playback from the absorber catalyst 
which causes playback. Subsequently, the exhaust air from the absorber catalyst which causes playback may 
be injected into the absorber catalyst which does not cause playback. 
[0017] 

Some variations in which the plasma fuel transducer 12 combines with a catalyst exist. The plasma fuel 
converter 12 is united with an NOx absorber catalyst with one operation gestalt. When it unifies and two 
NOx absorber catalytic units exist [ this ], two plasma fuel converters exist again. Such an operation gestalt 
is shown in drawing 3 . In this operation gestalt, exhaust gas 28 progresses to the absorber catalyst 32 
through a bulb 30. A bulb 44 is made close and, as a result, the 2nd absorber catalyst 42 may be reproduced 
by operation of the reducibility gas from the 2nd plasma fuel converter 40. Once the 2nd absorber catalyst 
42 is reproduced, a bulb 44 is made open, and a bulb 30 is made close, and, as a result, the absorber catalyst 
32 may be reproduced by hydrogen from the plasma fuel converter 12. Subsequently, this cycle is repeated. 
As shown in drawing 4 , a different operation gestalt consists of one plasma fuel transducer 1 2, and is sent to 
the absorber catalysts 32 or 42 for which this plasma fuel transducer reproduces hydeogen-rich gas. 
Although this operation gestalt saves the cost of the further plasma fuel transducer, it needs an elevated- 
temperature bulb. An elevated-temperature EGR valve can be used for this purpose. Furthermore, when the 
gas reproduced from an absorber catalyst is reused, as shown in drawing, a bulb is needed for the exhaust air 
section of an absorber catalyst for controlling the flow of gas to either the engine in the plasma fuel 
transducer 12, or another absorber catalytic unit. 
[0018] .,. 

While an engine, a turbine, a boiler, or & burner operates, the plasma fuel transducer 12 is set up so that it 
may operate continuously by the hydeogen-rich gas usually used by the engine, the turbine, the boiler, or the 
burner, and, as a result, can reduce exhaust air. As shown in drawing 5 at the time of playback of an 
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absorber catalyst, a part or all of hydeogen-rich gas from the plasma fuel transducer 12 can be again sent to 

an absorber catalytic unit with the part sent to the engine 26. 

[0019] 

Different approach for a while against an NOx absorber catalyst is using a selection catalytic reduction 
(SCR) process with a micro plasmatron fuel converter. The catalyst in an SCR process is also called a thin 
NOx catalyst again. In an SCR process, NOx is returned by the reducing agent within a catalyst. On the 
other hand, a carbon monoxide and a hydrocarbon oxidize by the oxygen which exists in the exhaust air 
section (this is performed by the thin operating mode). The urea or ammonia of a fixed source of supply is 
used as a reducing agent combining an SCR catalyst. The need of using a urea with difficult poisonous 
ammonia or poisonous handling can be abolished using the hydeogen-rich gas from a micro plasmatron fuel 
transducer as a reducing agent. 
[0020] 

It also understands this contractor that it can use with the absorber catalyst which had the above-mentioned 
system improved, and other exhaust aincan be processed. For example, this system is not concerned with the 
existence of an oxidizing agent, but may contain the particle trap reproduced by injection of hydeogen-rich 
gas. In such an operation gestalt, since the particle collected on the particle trap is burned, hydeogen-rich gas 
is used with some free oxygen. Or when the temperature of a trap is high enough, this hydeogen-rich gas 
may be used in order to evaporate a particle, without using an oxidizer. Essentially, absorption and/or an 
evaporation process may be [ whether it is homogeneity-like or ] catalyst-like. The system indicated in this 
specification may be used in order to control the exhaust air from generation sources other than an internal 
combustion engine. These systems are applicable to the gas turbine, boiler, and burner of both a migration 
mold application and a non-portable application. 
[0021] 

Plasma fuel converters, such as micro plasmatron, have a property ideal for the playback applications 
indicated in this specification. Plasmatron reformate is gas with high reducibility, therefore is returned from 
NOx to N2. Plasmatron changes diesel fuel into hydeogen-rich gas easily, and has the moment turn-on of a 
very compact unit, and a response. Plasmatron shows the robust actuation which has the very low 
requirements for mean power, and since the duty cycle is short, system efficiency is not so important. Mean 
power may be range which is 10-3000W whose peak powers are 100-30,000W. A moderate electrode life is 
needed. 
[0022] 

A micro plasmatron fuel reformer has the further advantage compared with the catalyst reformer 
conventional at the point that a high sulfur fuel can be processed easily. Sulfur is changed into a hydrogen 
sulfide in a plasma reformer. This hydrogen sulfide has little damage to a catalyst far compared with the 
sulfur of other gestalten. When making conversion of hydrogen increase a catalyst combining a micro 
plasmatron fuel reformer and reducing the energy expenditure by the micro plasmatron fuel reformer, this 
advantage can be used directly. 
[0023] 

Furthermore, in case the sulfur impurity of a catalyst used in order to reduce exhaust air containing an NOx 
catalyst trap is reduced, generation of hydrogen is effective and is obtained. Therefore, in case playback of 
the catalyst trap using hydeogen-rich gas processes the fuel containing sulfur, or a fuel with little sulphuric 
content compared with fuel rich playback of the catalyst trap which is the conventional approach, it is 
efficient. 
[0024] 

The instantiation-property of the unified micro plasmatron fuel converter-catalyst system is shown in Table 
1. A part of DC arc plasmatron operates in oxidation mode, and the ratio of oxygen pair fuel carbon is 
assumed to be about 1 (it has oxidized in part to stoichiometric). 
[0025] 
[Table 1] 
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In the case of a 30 horsepower engine, plasmatron has 4% of duty cycle, and drawing 6 shows that the peak 
power of plasmatron becomes 1 108W as a result. Generation of NOx according [ Table 2 ] to 1 .lkW micro 
plasmatron and an engine is 6 g/hp. The system characteristic in the case of being hr is shown. Other 
plasmatrons can be used for operation of this invention so that it may be indicated by the application under 
coincidence connection of these people who call "Low Power Compact Plasma Fuel Converter" (Express 
Mail Label EJ217557337US). the contents of this application are used as reference by this detail letter. 
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[0026] 
[Table 2] 



2 



& |-D > 0. f $ f ftJfpfl 



hp 

30 
60 
90 

120 

s 

10 

20 

30 

40 

*rh 
4.1 

4.1 

4.1 

4.1 
0.04 



0.08 



0.12 



0.16 



In the operation gestalt indicated in this specification, in order to make hydrogen increase and to decrease 
CO concentration, a water water gas shift reaction can be used. The mounted hydrogen generation using the 
plasma fuel transducer by this invention has big effectiveness to playback of NOx, and the diesel exhaust air 
control by the particle absorption object catalyst. Plasmatron is small and offers a high-speed response and 
robust generation of the hydrogen from diesel fuel. Mean power is as low as less than [ 50W ]. The life of a 
plasmatron electrode originates in a low duty cycle and is long, and cost may be less than [ $500 ]. The 
hydrogen of the further amount can be used within an engine as an additive, and, thereby, exhaust air can be 
reduced further. 
[0027] 

It is understood that deformation and an alteration of this invention are recollected by this contractor. It is 
meant that such all deformation and alterations are included within the limits of the application for patent of 
upper **. 

[Brief Description of the Drawings] 
[Drawing 1] 

It is the block diagram of the exhaust air reduction system of this invention. 
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Drawing 2] 



t is a block diagram similar to the block diagram of drawing 1 . 
Drawing 3] 



t is the block diagram of the operation gestalt of this invention which uses two plasma fuel transducers and 
two absorber catalysts. 
Drawing 4] 



t is the block diagram of the operation gestalt of this invention which uses a single plasma fuel transducer 
and two absorber catalysts. 
Drawing 5] 



t is the block diagram of the operation gestalt of further others of this invention. 
Drawing 6] 



t is the graph of the plasmatron output pair duty cycle of a peak. 
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[Drawing 2] 
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[Drawing 3] 
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